September 1970 


Brief 70-10539 


NASA TECH BRIEF 



NASA Tech Briefs announce new technology derived from the U .S. space program. They are issued to encourage commercial 
application. Tech Briefs are available on a subscription basis from the Clearinghouse for Federal Scientific and Technical 
Information, Springfield, Virginia 22151. Requests for individual copies or questions relating to the Tech Brief program may 
be directed to the Technology Utilization Division, NASA, Code UT, Washington, D.C. 20546. 


The Determination of Stability Domains for Nonlinear Dynamical Systems 


Present day guidance systems can be described for 
finite intervals of time by nonlinear, nonautonomous 
differential equations. Moreover, the control laws for 
these systems are, in some cases, generated by itera- 
tive procedures. Such a system is far more complicated 
than any system which has been successfully analyzed 
by current state-of-the-art stability analysis techniques 
other than simulation. Before an analysis of an actual 
guidance system can be undertaken, it is necessary to 
expand the knowledge of several fundamental aspects 
of the over-all problem of stability. 

The concepts of Liapunov’s direct method for the 
stability analysis of nonlinear dynamical systems has 
generated a continually expanding research program 
aimed at finding analytical stability analysis techniques 
applicable to highly complex physical systems. A re- 
search effort has been directed toward several aspects 
of the stability problem pertinent to the analysis of 
space vehicle guidance systems. This effort was 
focused on: (a) effective use of present techniques 

and the development of new techniques for deter- 
mining the domain of stability (exactly or approxi- 
mately) of high order nonlinear systems; (b) numerical 
means for implementing these techniques; (c) the 
relationship of Liapunov stability to finite time sta- 
bility; (d) stability analysis of nonautonomous systems; 
(e) formulation of mathematical models of guidance 
schemes; and (f) analysis of a simplified time-depen- 
dent closed-loop guidance system. A numerical 
algorithm for determining an '‘optimal” quadratic 
estimate of the domain of attraction of an equilibrium 
solution of a quasi-linear differential equation was 
formulated and developed. The estimate was optimal 
in the sense of largest enclosed volume and was based 
upon the use of a quadratic form Liapunov function. 
The numerical experiments performed with this 
algorithm and the conclusions drawn from them are 
also described. 


The analysis of a simple closed-loop guidance sys- 
tem and a review of the equations of the Iterative 
Guidance Mode point out that the most serious prob- 
lem that must be solved in order to reach the long- 
term goal of this study is the formulation of what 
stability means in a finite time process whose goal is 
to reach a point in space; and not to follow or remain 
near a particular path. The other obvious problem is 
the development of techniques for analyzing non- 
autonomous, nonlinear, finite time systems with 
respect to the stability definition that is evolved for 
these systems. 

The basic research initiated in each of the areas and 
the preliminary results could serve as the foundation 
of an expanded research program. 
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